LMOST 10% of all strokes are due to complete MCA infarction. 24, 30 Cytotoxic edema formation within the infarcted tissue exerts a mass effect with impending cerebral herniation and is associated with high mortality rates, a situation termed "malignant" MCA infarction. 3, 16 Furthermore, conservative antiedematous approaches such as hyperventilation, osmotherapy, hypothermia, or deep barbiturate anesthesia have limited effects and do not prevent fatal transtentorial herniation.
Furthermore, conservative antiedematous approaches such as hyperventilation, osmotherapy, hypothermia, or deep barbiturate anesthesia have limited effects and do not prevent fatal transtentorial herniation. 3, 31 Surgical removal of a large part of the ipsilateral skull to reduce intracranial pressure (ipsilateral decompressive hemicraniectomy) was first performed in 1935 14 and has attracted increasing interest in recent years as an option to reduce mortality rates in this type of infarction. 1, 6, 7, 9, 31 In a number of clinical trials survival rates of 67 to 84% 3 months to 1 year after stroke onset have been reported in patients with malignant MCA infarction treated with decompressive hemicraniectomy compared with a 20 to 30% survival rate in conservatively treated patients. 4, 18, 20, 23, 29, 36 In contrast, the effects of this treatment on functional outcome are still equivocal, indicating that there may be subpopulations of patients in whom decompressive hemicraniectomy should not be recommended in expectation of a poor clinical outcome. According to the guidelines of the World Health Organization, clinical outcome can be described hierarchically in terms of impairment (signs of underlying disease), disability (functional results of impairment), handicap (social impact of the disease), 37 or in terms of health-related QOL. The latter is a primarily personal and subjective evaluation encompassing physical, psychological, and social aspects of the disease burden. 12, 33 Most previous studies on outcome after decompressive hemicraniectomy, however, have focused on impairment and disability, whereas the health-related QOL has remained largely undetermined. 26 Thus, the objectives of this study were as follows: 1) to determine survival, functional impairment, disability, and health-related QOL; and 2) to determine factors associated with functional outcome within a series of consecutive patients who underwent decompressive hemicraniectomy for treatment of malignant MCA infarction.
Functional impairment, disability, and quality of life outcome after decompressive hemicraniectomy in malignant middle cerebral artery infarction
Clinical Material and Methods

Study Population
A total of 36 patients (20 men and 16 women) with a mean age of 58.8 Ϯ 12.7 years (range 27-75 years) were included. As summarized in Table 1 , 29 patients had a rightsided infarction. In 24 patients only the MCA territory was affected, whereas in nine the territory of the ACA was also involved. The mean time from symptom onset to decompressive hemicraniectomy was 37.8 Ϯ 20 hours; 11 patients were surgically treated within 24 hours, another 16 within 25 to 48 hours, and the remaining nine more than 48 hours (maximum 84 hours) after symptom onset.
Inclusion Criteria
Between 1998 and 2002, 36 patients with malignant MCA infarction underwent decompressive hemicraniectomy in our tertiary care university hospital. Patients were included in the study after the decision to perform decompressive hemicraniectomy had been made on clinical grounds according to institutional guidelines, which required that this operation be considered 1) if a patient suffered from a large (total or subtotal) MCA infarction with or without signs of an additional ischemia in the ipsilateral ACA or PCA territory and if subsequent signs of clinical deterioration developed (that is, deteriorating level of consciousness, anisocoria); or 2) if a patient suffered from a large MCA infarction with or without additional ipsilateral ACA or PCA infarction and showed progressive brain swelling with compression of the ipsilateral lateral ventricle, midline shift, and/or compression of the basal cisterns on cranial CT scans. Patients older than 75 years of age or with severe comorbidity, reduced life expectancy, or dementia were not considered for decompressive hemicraniectomy.
The patients' relatives were informed about the option of decompressive hemicraniectomy and were told that surgery was primarily intended to save the life of the patient. Information on the presumable will of the patient was also obtained and followed. The decision to perform decompressive hemicraniectomy was always made based on a consensus among the neurologist, neurosurgeon, and the patient's relatives.
Before surgery, all patients received conservative treatment according to current standards in stroke management 15 and measures were taken to decrease intracranial pressure including 30˚ elevation of the head and mild hyperventilation (PCO 2~3 5 mm Hg). Osmodiuretic therapy (125 ml 10% mannitol) was only administered to patients in whom clinical signs of herniation developed (for example, pupil dilation) to cover the time while preparations for surgery were made.
Surgical Procedure
The surgical procedure was performed after induction of general anesthesia. A reverse question mark-like skin incision was made starting 1 cm above the zygoma in front of the ear, preserving the superficial temporal artery, crossing the midline at the lambda, and proceeding anteriorly parallel to the sagittal suture 1 cm on the contralateral side. The scalp flap was reflected anteriorly and secured in the usual fashion. Burr holes were placed over the sagittal sinus in frontolateral and temporal locations. A large hemicraniectomy was made involving the frontal, temporal, and parietal bone. The dura was opened in a stellate fashion to the extent of the bone decompression. A large pericranial graft was used for duraplasty. The temporal muscle and the skin were reapproximated; no underlying brain tissue was resected. The bone flap was frozen and stored until reimplantation 12 to 18 weeks postsurgery.
Data Collection
Demographic and clinical data including the ESS 17 score at hospital admission, stroke origin, specific stroke therapy, and risk factors of all stroke patients in the German state of Hesse are prospectively collected in a statewide, hospitalbased stroke registry. 2 After decompressive hemicraniectomy the patients entered our study protocol, which made use of the stroke registry data and supplemented these with additional parameters, such as time from symptom onset to surgery, duration of mechanical ventilation, and treatment in the neurological or neurosurgical ICU, date of tracheostomy (if performed), and occurrence of cerebral complications. The patient's comorbidity was assessed using the CCI; 5 this measure contains 19 categories of comorbidity. Each category has an associated weight that is based on the adjusted risk of death at 1 year. A higher index (theoretical maximum score 37) indicates more severe comorbidity. * ICA = internal carotid artery; ML = midline; SD = standard deviation.
Follow-Up Examination
All patients included in the stroke registry are contacted by mail for a follow-up survey 6 months after hospital admission. A short, standardized questionnaire is used to determine survival and status of dependency.
For the purpose of this study, we performed an additional cross-sectional investigation in all patients who underwent decompressive hemicraniectomy and were still alive after 6 months, with a mean follow-up time of 13.7 Ϯ 6.7 months (range 7-28 months) poststroke. This examination consisted of a follow-up visit by the patient for a neurological examination (C.F. and J.K.) and the completion of various questionnaires to assess impairment, disability, handicap, and QOL. Informed consent was obtained from all participants or their next of kin. One patient had left the country and was lost to follow up, but relatives confirmed his survival at 6 and 12 months after his stroke.
Instruments Used in Assessments
Neurological impairment was determined using the ESS, in which a maximum score of 100 indicates no detectable neurological deficit. For evaluation of consciousness we used the first item from the ESS (10, fully alert; 0, deeply comatose). In addition, cognitive impairment was assessed using the MMSE.
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Disability was measured using the BI and the mRS. 22 In our study, outcome was categorized primarily based on the BI (Ն 50, moderate disability to good recovery; Ͻ 50, severe disability).
The QOL was assessed using the German version of the SIP. 13, 19 This instrument consists of 136 dichotomous items grouped into 12 categories and is a generic tool frequently used to measure health-related QOL. Scores are presented as the percentage of maximal dysfunction, and aggregate as well as subscale scores can be obtained for physical and psychosocial dimensions. Furthermore, a stroke-adapted short form (the SA-SIP 30, comprising 30 items in eight categories) 34, 35 can be derived from the original SIP. Emotional behavior was classified using the HADS, a self-rating questionnaire with which to assess anxiety and depression. 38 Subscales for anxiety and depression comprise seven questions each, with a maximum score of 21 for each subscale. Scores are usually categorized as mild (8) (9) (10) , moderate (11) (12) (13) (14) , and severe (15-21) affliction. Finally, the interviewer asked the patient or caregiver if in retrospect they would again decide in favor of decompressive hemicraniectomy, considering the actual outcome.
Statistical Analysis
All statistical analyses were performed using a commercial software package (version 10.0; SPSS, Inc., Chicago, IL). Cross-tabulations and the chi-square test were used to compare the frequency of occurrence of items among different outcome groups. A comparison of mean values was performed using the Mann-Whitney U-test, whereas the univariate association was analyzed using chi-square tests. A probability value of 0.05 or less was considered to be significant, and all statistical tests were two-tailed.
Results
Data on cardiovascular risk factors, cause of stroke, and the initial clinical deficit are shown in Table 1 . The CCI (median Score 2; range Score 0-6) revealed that the majority of patients did not suffer from severe comorbidity.
Prior to surgery, nine patients showed focal neurological signs of initial transtentorial herniation, that is, unilateral pupil dilation. Data on the amount of intracranial mass effect as visualized on preoperative CT scans are classified into four different groups and are provided in Table 1 .
All patients underwent mechanical ventilation during the acute phase of the disease for a mean of 12.7 Ϯ 8.2 days (range 2-36 days). Tracheostomy was performed in 25 of 36 cases, and patients were treated in a neurological or neurosurgical ICU for a mean of 20.5 Ϯ 10.5 days.
Six patients experienced secondary contralateral infarctions (which were fatal in three patients) within the 1st week after decompressive hemicraniectomy. Postoperative CT scans demonstrated secondary parenchymal hemorrhages in four patients; another four suffered symptomatic seizures. Furthermore, two patients experienced an epidural accumulation of cerebrospinal fluid: one had a large epidural hematoma and another one had to undergo surgical revi- sion because of wound dehiscence. As mentioned earlier, three patients died during the acute phase of the disease, on Days 7 and 8. Thirty-two of the surviving 33 patients were transferred to a neurological rehabilitation center, whereas one patient was discharged home.
Six months poststroke, another five patients had died, resulting in a 6-month survival rate of 78%. At the time of the follow-up investigation, five more patients had died, resulting in an overall survival rate of 64% (23 of 36 patients). As described earlier, one patient was unavailable for the examination visit and was therefore excluded from further analysis, but his relatives confirmed that he was still alive 12 months after stroke onset. Thus, the following results include 22 long-term survivors, of whom 16 lived at home and the remaining six were in a nursing home.
Findings With Various Instruments
The ESS Scores. The functional impairment assessed using the ESS (median Score 43; 25th and 75th percentile 27 and 49) was significantly improved (p Ͻ 0.05; Wilcoxon signed rank test) compared with the ESS score at admission (median Score 32; 25th and 75th percentile 20 and 36). Nevertheless, in three patients the ESS score was worse at the time of follow up (Fig. 1A) . Two of these patients arrived at the hospital with minor neurological deficits but suffered from major MCA infarction within 3 and 7 hours after admission. The third patient, who was 69 years old, had a complicated course in the hospital with early epilepsy and prolonged ventilation (24 days) and showed no recovery during rehabilitation.
Regarding the level of consciousness, which was assessed using the first item of the ESS, 19 patients were fully alert and keenly responsive (score of 10), two required repeated stimulation to attend (score of 6), and one could not be aroused by any stimulation (score of 4).
The MMSE Scores. The MMSE could be used in only 13 patients to assess cognitive function; the other nine could not be examined because of aphasia or a reduced level of consciousness. The median MMSE score was 25 (range [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Eight patients had an MMSE score less than 27, in four it was less than 24, and in one patient the score was less than 19, indicating mild, moderate, and severe cognitive deficits, respectively.
The BI and mRS Scores. Disability measured using the BI revealed a score of at least 50 in 10 patients; in three of them the BI was at least 90, but the majority (12 patients) showed severe disabilities (BI Ͻ 50). Disability determined using the BI correlated negatively (r = Ϫ0.58; p Ͻ 0.001) with patient age (Fig. 1B) . Disability determined using the mRS included 16 patients who were unable to walk unaided and needed considerable assistance to cope with daily affairs corresponding to mRS Score 4 or 5, whereas none of our patients reached an independent outcome status, that is, an mRS score less than 3.
As shown in Table 2 , patients with a higher BI were significantly younger, had a less severe impairment (higher ESS scores) on hospital admission, received mechanical ventilation for a shorter time, and were discharged from the ICU earlier than patients with poor functional outcome. Other variables such as sex, comorbidity index, or time to surgery were not significantly associated with severity of disability. Furthermore, we found no significant differences for age, sex, comorbidity index, duration of intensive care treatment or mechanical ventilation, ESS scores at follow up, mRS score, or BI between patients who underwent decompressive hemicraniectomy within 24 hours after stroke onset (nine patients) and those who were treated later (13 patients).
The HADS Scores. Using the HADS we found moderate to severe anxiety and/or depression in eight patients, whereas in four patients the level of anxiety and depression could not be assessed because of their reduced level of consciousness or severe aphasia. The severity of anxiety (r = Ϫ0.5, p = 0.04) or depression (r = Ϫ0.46, p = 0.05) correlated significantly with the severity of disability as measured using the BI. Seventy-five percent of the patients with a BI less than 50 reported moderate to severe anxiety, compared with 10% of the patients with a BI of at least 50. In agreement with these findings, 63% of patients with a BI less Fig. 2A , the mean SA-SIP scores were higher-indicating more severe dysfunction-in the physical (89.5 Ϯ 14.2%; median 94%) than in the psychosocial domain (38 Ϯ 24.7%; median 29%). Figure 2B shows the differences in the amounts of dysfunction between items from the physical domain (for example, household management and mobility) and items from the psychosocial domain (for example, emotional and alertness behaviors). Table 3 summarizes the frequency with which statements characterizing relevant factors for disability and QOL were answered affirmatively.
Because of the reduced level of consciousness of three of the survivors, BI, mRS, and SA-SIP scores were obtained with the assistance of patients' relatives in these cases. The simple yes/no structure of this QOL measure made it possible to complete the SA-SIP (even in the seven aphasic patients) with only low-to-moderate proxy assistance.
The number of patients or caregivers who in retrospect and knowing the individual outcome would again decide in favor of decompressive hemicraniectomy was nearly equally distributed. Nine patients answered "yes," the same number would have decided against decompressive hemicraniectomy, and the remaining four could not decide. The median BI of patients who in retrospect would again choose decompressive hemicraniectomy was 65, whereas patients who did not decide in favor of the operation had a significantly lower mean BI of 30 (p = 0.014; Wilcoxon signed rank test).
Discussion
The major findings in this long-term study on functional outcome after decompressive hemicraniectomy in malignant MCA infarction was that the majority of patients suffer from considerable impairment, disability, and overall reduction in QOL. Worse outcome was mainly associated with older age, more severe neurological deficit at admission, and longer duration of mechanical ventilation and intensive care therapy, but not with time to decompressive hemicraniectomy.
We found an acute survival rate (survival until discharge from acute care) of 92% and a 6-month survival rate of 78%. These findings lie well within the ranges reported in earlier studies, in which survival rates at 6 months span from 67 to 84%. 23, 29, 36 Thus, decompressive hemicraniectomy appears to improve survival dramatically compared with conservative management of malignant MCA infarction, in which survival rates of only 20 to 30% have been reported. 16, 23, 28 Most acute complications in our series were presumably unrelated to surgery, namely reinfarctions or seizures. Secondary parenchymal hemorrhage occurred in four patients in our series. Although this is a known complication of ischemic stroke, it might also be caused by surgical decompression. 27 Furthermore, epidural hematomas, cerebrospinal fluid cysts, or wound infections are potential complications that occasionally require surgical revision. Nevertheless, we conclude that decompressive hemicraniectomy can be performed with a tolerable perioperative risk.
In contrast to the findings in animal experiments, 8, 10 decompressive hemicraniectomy so far has not been shown to reduce infarct volume in humans, and infarct volume is known to predict clinical outcome. 21, 32 Thus, the functional status and health-related QOL of patients who survive decompressive hemicraniectomy require critical evaluation. This issue has been addressed in a number of smaller series, but in most of them the outcome analyses used were limited to measures of disability. In our investigation, we assessed all major aspects of clinical outcome, that is, impairment, disability, mental and psychological status, the actual living situation, and health-related QOL on follow-up visits and examinations of all surviving patients.
The majority of our patients were severely affected by the consequences of stroke, as can be expressed by the various dimensions of functional outcome. The BI in its original form has been criticized previously for its limitations in the assessment of outcome in patients with stroke because of its lack of language assessment and a strong ceiling effect. Nevertheless, it is still widely used even as a primary outcome measure, with a BI greater than 60 often defined as "moderate to good" functional outcome. In our series eight patients reached a BI score greater than 60, but it is doubtful that this should be taken as a moderate-to-good outcome. On the mRS none of our patients reached the in-dependent levels (Score 0-2) and only five were able to walk unassisted (Score 3), whereas the majority of patients were rated mRS Scores 4 or 5, indicating moderately severe to severe disability on dependence on caregivers, although all of them were cared for at home. Furthermore, using the SA-SIP to assess health-related QOL, we found that our eight patients in whom the BI was greater than 60 reported a mean of 78% of maximal dysfunction in the physical domain and would certainly not view themselves as having attained a moderate-to-good functional outcome.
Overall, we found a marked reduction of QOL in our patients. Assuming that 0% dysfunction on the SA-SIP is equivalent to maximum QOL, patients reported a mean 63% reduction in QOL. In the physical domain alone, the reduction in health-related QOL amounted to a mean of 89%. Conversely, only two patients reported values of less than 50%. Although correlation with measures of impairment and disability was fair, the results from the SA-SIP are worse than the impressions from the BI or even the mRS would indicate. This is also underscored by the high rate of retrospective rejection of the operation in view of the individual outcome. There is only one previous study of healthrelated QOL in which a slightly different scale (Aachen Life Quality Index) was used, and the authors reported a less profound reduction of health-related QOL (mean 55%) compared with our group. This result is in agreement with the finding that outcome in their cohort was also better in terms of disability (BI) and handicap (mRS). 36 Nevertheless, our results underscore the multidimensionality of functional outcome and show that the BI in its original form tends to underestimate the true disease burden in patients with stroke, partly because of missing items on orientation, communication skills, and hand function.
It should be noted that the interpretation of these data is limited by a selection bias introduced by including patients only after decompressive hemicraniectomy had been performed rather than using an intention-to-treat protocol. This bias is reflected for example in the right hemisphere preponderance, but it also applies to all previous studies on this topic.
Our findings on long-term disability and handicap are comparable to those reported by Mori, et al., 23 who used the Glasgow Outcome Scale, which is similar to the mRS. In another study 18 all patients treated with decompressive hemicraniectomy were assigned mRS Score 4 or 5, and most patients were still institutionalized. Other authors reported better outcomes with approximately 50% of patients assigned mRS Score 4 or 5, whereas 20 to 25% of the patients reached an independent status, that is, mRS Score 1 or 2. 20, 36 The most likely explanation for this discrepancy is that the patients in these latter studies were on average almost 10 years younger compared with those in our sample.
In the study with the best reported outcome so far, 26 (84%) of 31 patients had a BI of at least 60. 29 The authors attributed their findings to a particularly "early" decompressive hemicraniectomy, that is, performed within 24 hours after stroke onset, although the mean BI in this group was not significantly different from a "late" decompressive hemicraniectomy group in which patients underwent surgery within 39 hours on average. It must be noted as a limitation that most previous study protocols for decompressive hemicraniectomy, including ours, required signs of clinical deterioration as an indication for the procedure, which may in fact be too late in relation to the individual course. Intuitively, it would seem sensible not to wait until CT scanning is completed or even until clinical signs of herniation are present before performing surgery. Large territorial infarctions do not inevitably become true malignant strokes, however, and in the absence of highly specific predictors of malignant infarctions, "early" decompressive hemicraniectomy may lead to the treatment of nonmalignant stroke.
Our data show a moderately wide range of time from symptom onset to surgery and thus reflect very well the clinical situation in which brain edema after severe stroke takes a variable course. 16 Remarkably, in our study neither functional outcome nor duration of intensive care therapy and mechanical ventilation were different between patients who underwent decompressive hemicraniectomy within 24 hours after stroke onset compared with later interventions. In contrast, duration of intensive care therapy and mechanical ventilation were significantly shorter in patients with less severe disability (BI Ն 50) compared with patients whose BI was less than 50. Our findings seem to be at variance with the findings by Schwab, et al., 29 who reported a better functional outcome but also reduced duration of intensive care therapy and mechanical ventilation in the group with decompressive hemicraniectomy within 24 hours. This apparent contradiction, however, could be resolved if one assumed that the duration of these treatments may influence functional outcome independently of stroke or decompressive hemicraniectomy.
Our study confirms that patient age is a crucial factor for functional outcome. This is not surprising because it is well known that the potential for recovery of function after severe (nonmalignant) strokes in general declines steeply after the age of 60 years. 25 Although some of the younger patients also remained in a fully dependent status at follow up, analysis of our data indicates that after 60 years of age, recovery of a patient to an independent status can hardly be expected. This is in agreement with earlier findings indicating that patients older than 55 to 60 years almost invariably have a poor functional outcome. 4, 18, 20 It must be kept in mind, however, that even beyond that age, there are sufficient data to
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Conclusions
We propose that decompressive hemicraniectomy be offered as a life-saving intervention to patients younger than 60 years of age who have few comorbid conditions. The patients' relatives should be informed about the high probability of a dependent functional outcome, which is to be expected after severe stroke. Overall, only a minority of patients will regain full functional independence.
